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Two recent measurements of beauty production in deep inelastic scattering based on data collected 
by the ZEUS detector are summarised. In the first one, the beauty fraction in the data was obtained 
from events with a muon and a jet. In the second one, beauty cross sections were measured using 
the decay length significance and mass of inclusive secondary vertices. Differential cross sections 
are presented and compared to QCD predictions. The beauty contribution to the inclusive proton 
structure function F2 was extracted for the jet+muon measurement and is compared to previous 
measurements and theoretical predictions. 
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1. Introduction 

Beauty production in the deep inelastic scattering (DIS) regime (squared four-momentum ex- 
change at the electron vertex 2^ > a few GeV^) is dominated by the boson-gluon fusion (BGF) 
process, where the virtual photon interacts with a gluon from the proton. Hence this process is 
directly sensitive to the gluon content of the proton. The contribution of beauty production to the 
inclusive proton structure function F2 can be extracted from double differential cross sections in 
the Bj0rken scaling variable x and Q^. 

Mass effects are relevant in a large part of the kinematic region for beauty production in DIS 
accessible at HERA. The precise measurement of beauty production could thus help to distinguish 
between different theoretical approaches to include mass effects in perturbative QCD calculations. 



2. Measurement of beauty production using events with a muon and a jet 

The production of beauty quarks with events in which a muon and a jet are observed in the 
final state has been measured with the ZEUS detector at HERA using an integrated luminosity of 
1 14.1 it 2.3 pb^' ^. The analysed data were collected in the years from 1996 to 2000. 

The reaction ep — > e'bbX — )• e'jetX' was measured in the kinematic region defined by: Q^ > 
2 GeV^, 0.05 <y < 0.7, and at least one jet with E^^^ > 5 GeV and -2 < X]^''^ < 2.5 including a 
muon of pj > 1.5 GeV and Tj'^ > —1.6 inside a cone AR < 0.7 to the jet axis. Jets were obtained 
using the kj cluster algorithm at the hadron level in its massive mode with the Sj -recombination 
scheme. Weakly decaying B-hadrons were treated as stable particles and were decayed (e.g. to a 
muon) only after the application of the jet algorithm. 
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Figure 1: The measured /^^'-distribution in the data compared to the Monte Carlo predictions for beauty 
and background scaled to the fit result. 



The beauty signal was extracted using the distribution of the transverse momentum of the 
muon with respect to the momentum vector of the associated jet, pjK The fraction of beauty and 
background events in the data sample was obtained from a two-component fit to the shape of the 
measured p^^ distribution. The pj^ distribution for beauty was taken from the RAPGAP Monte 
Carlo (MC) program [Q|. The corresponding distribution for the background was obtained from 
the sum of the light flavour (LF) distribution taken from the ARIADNE [ffl] model and the charm 
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distribution taken from RAPGAP weighted according to the cross sections predicted by the two 
MC programs. The measured /j^^' -distribution and the MC distributions for beauty and background 
scaled to the fit result are shown in Fig. |I]. 
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Figure 2: Differential beauty cross section as a function of Qp^ compared to the RAPGAP Monte Carlo 
normalised to the data and compared to the HVQDIS NLO QCD prediction. 

Figure § shows the measured differential cross section as a function of Q^ compared to the 
HVQDIS [§] NLO QCD calculation and the RAPGAP MC scaled to the data. Both predictions 
describe the shape of the data reasonably well. The region at 2^ ^ 5 GeV^ can only be measured 
using data taken during the HERA I period and is thus unique to this measurement. 

The double-differential cross section for Zj^-production in DIS can be expressed as: 



dxdQ^ 
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The contribution from Fj^ is small for the measured Q and x ranges and was neglected. To extract 



Fj from the measured double-differential cross sections in bins of x and Q , an extrapolation to 



the full kinematic phase space was performed using HVQDIS : 
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The prediction for Fj*^ from HVQDIS, f2'HVQDiS' ^^ multiplied by the ratio of the measured, ameas.i. 
to the predicted, cThvqdis,;. visible cross sections in a given bin /. The results of the extraction are 
shown in Fig. |3| and compared to a previous ZEUS measurement [^ focusing on the higher Q^ 
region and HI measurements |Q] based on lifetime information. The data are all compatible within 
uncertainties. At low x, the ZEUS data have a tendency to lie slightly above the HI measurements. 
The predictions from different theoretical approaches [Q] agree fairly well with each other. The 
HVQDIS predictions are somewhat lower than the ZEUS data at low Q^ and x while at higher Q^ 
the data are described by all predictions. 



3. Measurement of beauty production using inclusive secondary vertices 

Beauty quark production has also been measured using the decay length significance and mass 
of inclusive secondary vertices using an integrated luminosity of 354 it 9 pb^^ recorded in the years 
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Figure 3: Measured Fj^ as a function of 2^ (filled circles). Results from previous measurements (open 
symbols) and from different QCD predictions (lines and band) are also shown. 



from 2004 to 2007. The kinematic range of the measurement is given by: 5 < 2^ < 1000 GeV^, 
0.02 <y < 0.7, Ej^ > 5 GeV and — 1.6 < T7J''' < 2.2. The jets were reconstructed using the same 
algorithm as described in Section^ 

To reconstruct B-hadron decay vertices, tracks well reconstructed by the central tracking de- 
tector (CTD) and the micro vertex detector (MVD) with a transverse momentum of pj > 500 MeV 
were considered. These tracks were associated to a jet if they fulfilled the cut A/? < 1 with 
A/? = yAT7^ + A^. A secondary vertex was fitted for any selected jet if at least two tracks were 
associated to the jet. The weights of tracks not weU fitting to the secondary vertex were reduced by 
a deterministic annealing filter. 

The beauty content in the selected sample was determined using the decay length significance 
S = LxY /o{Lxy)- S is defined as the distance between the primary interaction vertex (beam spot) 
and the secondary vertex, L, divided by its uncertainty and projected onto the jet axis in the XY- 
plane. The significance distribution observed in the data and for beauty and charm MC samples 
generated using RAPGAP and a LF distribution predicted by the ARIADNE generator are shown 
in Fig. I 

The left side of the decay length significance distribution (S^ , S <0) was mirrored onto and 
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Figure 4: Decay length significance, S, for the data and the different Monte Carlo subsamples in the region 
2 < MvTX < 6 GeV. 



subtracted from the right side (5+, S > 0). Only the region with \S\ > 4 was used to enhance the 
beauty fraction. Finally, the mirrored decay length significance was divided into three different 
mass bins to provide an almost pure beauty sample in the region 2 < Mvtx < 6 GeV (see Fig. ^. 
The other two bins are dominated by charm. 

To extract the contributions from beauty, charm, and LF in the data sample, a binned x^ At of 
the mirrored significance distributions simultaneously in all three mass bins was performed. The 
overall normalisation of the MC was constrained to the normalisation of the data in the unmirrored 
significance distributions. The same procedure was followed for every bin of a given observable to 
obtain differential cross sections. 

Differential cross sections for jet production in beauty events as a function of E"^ , T]J^', Q^ and 
X compared to the predictions obtained from HVQDIS and the RAPGAP MC scaled to the data 
are shown in Fig. ^ The shapes of the measured cross sections are described by HVQDIS and 
the RAPGAP MC. Typically the data are 20-30% above the HVQDIS NLO prediction. Double 
differential cross sections in x and Q^ have been extracted. Hence the extraction of Fj*^ from this 
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Figure 5: Mirrored decay length in three bins of the vertex mass. 
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Figure 6: Differential jet cross sections in beauty events as a function of Ej^, T]^'^', Q^ and x compared to 
the NLO QCD calculation of HVQDIS and to the RAPGAP MC. 

analysis is imminent. 

4. Conclusion 

Beauty production has been measured using events with a jet and a muon and using inclusive 
secondary vertices. Single differential cross sections are in reasonable agreement with NLO QCD 
predictions from HVQDIS. Fj''' was extracted from the jet+muon measurement and is in good 
agreement with previous measurements. The precision of Fj''' will improve using the secondary 
vertex measurement. 
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